1 Background: Aging is often associated with behavioral impairments, but some people age more 2 gracefully than others. Why? One factor that may play a role is individual differences in the 3 distinctiveness of neural representations. Previous research has found that neural activation 4 patterns in visual cortex in response to different visual stimuli are often more similar (i.e., less 5 distinctive) in older vs. young participants, a phenomenon referred to as age-related neural 6 dedifferentiation. Furthermore, older people whose neural representations are less distinctive 7 tend to perform worse on a wide range of behavioral tasks. The Michigan Neural Distinctiveness 8 (MiND) project aims to investigate the scope of neural dedifferentiation (e.g., does it also occur 9 in auditory, motor, and somatosensory cortex?), one potential cause (age-related reductions in 10 the inhibitory neurotransmitter gamma-aminobutyric acid (GABA)), and the behavioral 11 consequences of neural dedifferentiation. This protocol paper describes the study rationale and 12 methods being used in complete detail, but not the results (data collection is currently underway).
Biomedical Engineering Building in Ann Arbor, Michigan. Participants are being recruited from 115 the Ann Arbor community and the surrounding area. Table 1 Main study exclusion criteria • Hearing problems or use of a hearing aid • Color blindness • Motor control problems • Psychotropic medication • Current depression or anxiety, or occurrence of depression/anxiety within 5 years • Concussion with unconsciousness for 5 minutes or more • Pregnancy or attempting to become pregnant • More than 4 alcoholic drinks per week for women, more than 6 for men • History of drug or alcohol abuse or addiction • Weight greater than 250 pounds • MRI incompatibility (claustrophobic, foreign metallic objects, pacemaker, etc.)
NIH Toolbox Visual Acuity Test 147
This test measures binocular distance visual acuity. Letters appear one at a time 148 on an iPad screen at eye level and participants view them from a distance of 3 149 meters. Participants verbally state the letter they see on the screen, and responses 150 are recorded by the researcher using an iPad wireless keyboard. The letters get 151 smaller following a correct response, and they get larger following an incorrect 152 response. Participants are instructed to wear corrective contact lenses or glasses, if The stimulus picture is either a male (50% of trials) or female (50% of 180 trials) face. Participants are asked to press "1" on the keyboard with their 181 left index finger if they think the picture was a male face and to press "0" 182 with their right index finger if they think the picture was a female face. The stimulus picture is either an office item, such as a stapler or writing 186 utensil (50% of trials), or a food item, such as a hamburger or salad (50% 187 of trials). Participants are asked to press "1" on the keyboard with their left 188 index finger if they think the picture was an office item and to press "0" 189 with their right index finger if they think the picture was a food item. correct response, the next trial is presented with the SNR decreased by 2 dB.
216
Following an incorrect response, the next trial is presented with the SNR 217 increased by 2 dB. Participants complete 24 trials, and their speech reception 218 threshold is calculated by averaging the SNR dB of the last 19 trials. The task is 219 presented using over-the-ear noise cancelling headphones, and participants adjust 220 the volume to a comfortable level before beginning the task.
Sentences in Noise 222
This task assesses how well participants can hear sentences presented in noise.
223
The task is administered on a Dell laptop using the Oscilla USB-350SP PC-based 224 audiometer software with TDH-39 headphones. Sentences are presented 225 monaurally, and the volume is set to a comfortable level for each ear before 
d. Dynamic Threshold with Inter-hemispheric Conditioning 288
This task is the same as the intra-hemispheric task, the only difference 289 being that the conditioning stimulus is delivered to the left index finger 290 instead of the right middle finger. Participants press a mouse button with 291 their right thumb as soon as they are able to feel a vibration on their right 292 index finger.
In this task, participants identify everyday objects by the sense of touch.
295
Participants place their hand in a box, preventing them from seeing the object, and 296 the examiner places an object in their hand (soda bottle, clothespin, etc.).
297
Participants indicate the object they think they are holding using a poster that has by a trail-making task, copying a three-dimensional cube, drawing a clock, and a 346 verbal abstraction task. Language ability is assessed using an animal naming task, 347 sentence repetition, and a fluency task. Memory is evaluated using a 5-word 348 delayed recall task as well as a digits-forward and digits-backward task. Attention 349 and concentration are measured using a target detection task and a subtraction (the number of correct responses) and converts it to a standard score.
385
In order to obtain a more sensitive measure of working memory, we have 386 devised a way to award partial points for participant responses. For each list, were presented with earlier. Their raw score is the number of items they correctly 443 respond to out of 40 items. The two fMRI sessions, each lasting approximately 45 minutes, include the acquisition of a 473 structural image and task-based and resting state functional data. The first task the participants 474 complete is the somatosensory task. The somatosensory task is always presented first so that the 475 devices delivering the stimulation can be removed after this task. The auditory task is always 476 presented second so that the task preceding the resting state scan (the third scan) is the same 477 across all participants. The visual and motor tasks are the last two tasks, and the order of these 478 tasks is counterbalanced across participants. The specific sequence of scans is described below.
Rivermead Behavioral Memory Test (RBMT) -Story Subtest

484
(1) 3-Plane Localizer
485
The localizer is generated with a 2D Gradient Echo pulse sequence with FOV = 320 x 486 320 mm and slice thickness = 10 mm with no spacing; acquisition time = 30 seconds.
(2) T1-weighted Overlay arrow and to press a button with their left thumb every time they see a left-pointing 554 arrow. Unlike the visual, auditory and somatosensory tasks, the motor task does not The localizer is collected using the same parameters as in the fMRI session.
571
(2) T1-weighted Structural Image
572
The structural image is collected using the same parameters as in the fMRI session. we compute contrast maps for house vs. fixation and for face vs. fixation. Using these 590 two contrast maps and the T1 structural image, we place the ventral visual voxels to 591 capture the areas of the highest activation (highest beta value) in the house and face areas 592 for each hemisphere. For the auditory voxels we use the contrast maps for speech versus 593 no sound and music versus no sound. For the sensorimotor voxels, we place the left 594 hemisphere voxel to capture activations from the right hand motor task and the right hand 595 somatosensory task. We place the right hemisphere voxel using the left hand activations.
Drug Study
adults. They found drug-placebo differences with an approximate effect size of d = 1.15 using a 621 0.01 mg/kg intravenous dose of lorazepam. To achieve 80% power to detect an effect of this 622 size, a sample of 21 subjects per group would be required. We are therefore recruiting 25 623 younger adults and 25 older adults for this study. and 2 mg of lorazepam. Participants displayed significant drowsiness at 1 and 2 mg, so we 633 decided to use 0.5 mg for our drug study.
634
Each fMRI session lasts approximately 45 minutes and includes four different tasks to 635 elicit activation in the visual, auditory, and somatosensory cortices. These fMRI sessions follow 636 the exact same protocol described for the main study. In addition, participants complete a visual 637 analog scale and psychomotor vigilance task just before and immediately following the fMRI 638 scans to assess potential drowsiness. Participants are randomly assigned to one of four session 639 orders as depicted in Table 3 . These session orders are used to counterbalance the lorazepam 640 administration and the presentation of the motor and visual fMRI tasks. The method of 641 counterbalancing the fMRI tasks is the same as in the main study. with an output of 2 million streamlines.
Fixel-based analysis 775 We are performing fixel based analyses (FBA) of fiber density (FD), fiber bundle cross- First, we are collecting fMRI, MRS, and behavioral measures in the same subjects, a rare 800 combination. Doing so will allow us to directly investigate the relationship between neural 801 distinctiveness (assessed using fMRI), GABA levels (assessed using MRS), and age-related 802 behavioral declines (assessed using psychophysical and assessment techniques).
803
Second, we are using multivariate pattern analysis (MVPA) techniques that allow us to 804 study neural activation patterns rather than treating every brain voxel as independent (as more 805 traditional univariate techniques do). Multivoxel analyses often reveal information that 806 univariate analyses miss [44, 45] .
807
Third, we are explicitly investigating individual differences in neurochemistry, neural 808 representation, and behavioral performance. A lot of work on the neuroscience of aging 809 investigates group differences between young and older subjects and ignores individual 810 differences between subjects in the same age group. However, some older subjects experience 811 significantly greater behavioral declines than others, and these individual differences could 812 provide important insights into the underlying causes of age-related behavioral declines.
813
Finally, the proposed research offers the potential to inspire a new approach to therapy 
